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. ABSTRACT. One of the possible mechanisms for formation

‘ of an inhomogeneous structure of interplanetary plasma is un-~
der discussion. The mechanism is due to instability of elec~
tron flows moving on helical trajectories along force lines
of the interplanetary magnetic field. Characteristic dimen-
sions of unstable perturbatlons 1 are shown to be located
within the range of 1.2 + 107 - 2 « 108 cm.

1. The existencé of electron density inhomogeneities in the intérplane- {ngig*
tary plasma was established in 1954 [1, 2] using the radioastronomical meéhod
("tranémissiqn" method) . After quarks were discovered in 1963, it became pos-
sible to use the method of radioscintillation of sources in studying inférplan—
etary inhomogeneities. Observational data on the sc1nt111at10n period and the
velocity of the inhomogeneities, when compared Wlth data obtained by the trans-
mission method, show that the characteristic dlmens1ons of the 1nhomogene1ties '

1" range between 107 - 108 cm [3 - 6]. . {

A Several authofs [7, 8] have repeatedly attempted to explain the inhomogen-
eities in the interplaneﬁary'plasma by the development of a different kind of in~
) Staﬁility. Thus, for gxamﬁle, an attempt was made in [8] to comnect the apis-
tropic instability of a magnéfized plasmé with observed inhomogeneities. A differ-
ent mechanism for a plasma instability will be investigated below, which may be
connected with.the characteristic dimensions qf the observed inhompgeneities.
Research with rockets has made it possible in recent years %o obtain many
important data on §gla; electron fluxes [9‘— 11]. TFor examplé, after analyzing

data obtained by the satellites "IMP-1" and "IMP-3", it was found in [10] that

* Numbers in the margin indicate pagination in the original foreign text.



L

there are electron fluxes with electron énergies exceeding 40 kev in interplan-~
_etary space. An analysis of data obtained by means of the rocket "MARINER-4"
led to the conclusion that the increased electron intensity in interplanetary
space is caused by their ;pulse emission’'from the solar atmosphere [11]. These
data show that electron fluxes moving from the Sun to the Earth atg,connected
with the force liqes of the interplanetary magnetic field. Therefére, in the
general case the electron fluxes are curvilinear. It will be shown in this art-
icle that allowance for the electron flux curviliﬁearity leads to instabiiity
phenomena which may produce thé inhomogeneous structure of the interplanétaryvt

plasmé.

2, In order to describe the wave processes in the electron flux, we shall
use the relat1v1st1c equatlon of motlon for an electron 11qu1d which is balanced

in terms of charge and current. S T
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and the Maxwell equations for an electromagnetic field ; /2049
1'9E dme ' 1 0H ,
rotﬁ— -a—t- . ] -—v, rotE==----aT, o e

. . : (25
divE = —4M(Q-—Qo). divH=0,

where p0 is the density of equalizing ions which are assumed to be stationary.

The notation is the:same as usual. ;

Assuming an external magnetic field HO which is directed along the 2z axis,

'
1

we may readily establish that the following expressions

vxb’==,--v_[_§m-aTz.4“.f0”o=vJ_~.cos.-a-‘-‘—z. v,==.vuu, : - (3)
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where @, == _) v!is the steady—state solution of Equatlon I in




inj the absence of an electromagnetic field. As follows from (3), the flux .
.wﬁich we are investigating is a semi-helical flux of electrons with identical
initial phases. '

The dispersion equation for waves propagated in a semi-helical flux along

the magnetic field H, was obtained in [12], and it may be“represented in the

0
following form
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The quantity P

2 is obtained from Pl by replac1ng wH by S\

H
<
The dispersion equation obtalned (4) is a polynomlal of the.elghth power
with respect to 'we Since there is no analytical expression for the roots,
a precise analysis of it in the general case is only possible by numerlcal meth- ’
‘ods. We shall make an approx1mate analys:l.s in this work, assumlng ‘that m2 b is
a small parameter. 8

]

We shall search for the solution of the dispersion equatién (4) in the

-

following form ‘
L Q=0 oy ey
S (5)

Substituting (5) in’YA) and retaining only terms of the lowest order with res- /2050

ect to w2 , we obtain a biquadratic equation with respect|to Y, whose solution
P b P ]
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has the following form
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It follows from the above formula that for
. o ) Q) . .
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the two roots of y will be complex conjugants, which according to (5) corresponds

to an instability with the increment
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It follows from formula (7) that an 1nstab11ity occurs in the follow1ng

wave vector :mterval
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‘It must be pointed out ‘that the instability under consideration is caused by

the relativistic nature of the electron motion. ! ,

The approximate solution of (6), and cbnsequently of (8), does not hold in

the vicinity of the po:Lnts where the denominator [(Rv; —®,)? --(kv"ﬁ“)’] [(kv +(oH)’
(k”uﬁn)]; vanlshes. These points correspond to the synchronism of waves with

the dispersion laws W = and m— :!:kc At these poinfs, the approx-

H pu.,

imate solution of (ﬁ) must be sought in another manner. For this purpose,

>
Equation 4 may be re-written in the following form



(@ = ko u‘ﬁ[m F %’f-'- kc)] = K (@, k,y). (10

Since the right part is proportional to ‘bﬁﬁ for the approximate solution of
(10) the coupllng constant K(wg k, w, ) may be calculated @t the ipointiof the syn=
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the follow1ng form

b
. As a result of this, Equation 10 assumés
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Consequently, at the very point of synchronism, the solution of (ll) has the
following form N
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3. We shall. attempt to connect the plasma instability under -consideration /2051 %
with the observed demsity inhomogeneities. It follows from (7> 'that the charac-

teristic dimensions of the unstable density perturbations are

boa(l—gy) o a(l +p“) “ (13)

]

According to the data obtained in [9], the time required for the electromns to:
move from the Sun to the Earth is on the order of 2.4 + 103 sec. It thus fol-
lows that B“,g‘0.27. In (13), assuming the values of the magneticifield accord-

ing to the data in [13] H0 = 1075'- 10—4 gauss, we obtain .. -;

Xy
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which closely coincides with the experimental data [3 - 6].

In conclusion, the authors would like to thank A. Z. Dolginov, L. I. Dor-
man, S. I. Syrovatskiy, I.F. Posarenko for assisting in the work and for

valuable comments.
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